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Abstract 

The ASU WISE ROV team has entered the National Underwater R obotics Challenge 

(N.U.R.C)  for the 2 nd year with more knowledge gained from the previous competition l ast 

year. This is our 2 nd year as a team participating at N.U.R.C.  With the exp erience gained 

during last year’s competition and fresh new faces with bol d ideas only time will tell 

whether this team has made progress from the beginnings.  

The team consists of seven women from various academic disci plines and diverse 

backgrounds. The current senior team members will utilize th eir previous experience with 

this project to correctly guide and harness the talent of the innovative and overly eager 

freshmen on the team.  

After many trials and tribulations, the team finally c ame around to sticking with the 

original ROV design not only because of its elegance, but al so for its useful octagonal 

structure, which perfectly allow us to place the motors at 4 5
 angles. However, the frame 

was slightly modified and other small accessories were added . The ROV, Aurora II, is 

designed for accuracy, maneuverability, and simplified tr ansport. The design is centered on 

a lightweight PVC frame, adjustable motor mounts angled at  45
, and two ABS pipes which 

allow an on-board power feature that will permit better maneuv erability in the water. Nine 

batteries were used for on-board power; a 7.2 V battery was u sed for the VEX Control 

System, and eight 3 V batteries were used to power the motors, lights, cameras, and the 

robotic arm. On-board power frees AURORA II from the hassles of having off-board 

power—there are less wires involved with the tether making it t hinner and less likely for it 

to get tangled in and allows more natural weight which as sists with the ever tiresome 

problem of buoyancy.  

Our ultimate goals are to prove ourselves that we are equall y capable of designing, 

building, and operating an underwater robot and to inspir e young women to enter any 

career in engineering or science. Women have the capacity, intel ligence, and the abilities to 

succeed in any of those areas. Our team is going to try to prove that in the upcoming 

competition.  
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Design 

The design of A.U.R.O.R.A II was modified many times becau se of the challenge to 

create a robot that was different than the first but stil l functional. The design of the first 

robot, A.U.R.O.R.A., was a very unique, elegant, and math ematically approved design; it 

veered from the classic box look and edged towards a more circu lar design. The team 

debated about venturing away from the octagonal design but in the end stuck with that 

design and modified the robot slightly.  

The final design started to come together after a many more meet ings and the 

ultimate decision of using an on-board power system. After ta king the decision to have on-

board power, the designs for housing the control system and b attery started to come into 

play. The design of the robot fluctuated because of the frequen t change in battery size 

which also changes in the design of the housing structures .  

The frame was made out of PVC piping because of its properties  and relatively cheap 

price. PVC is inexpensive, easy to maintain, has a high t ensile strength, and a low 

minimum temperature. It is available from local shops and there were also some PVC pipes 

left over from last year.  The frame was almost an exact cop y of A.U.R.O.R.A. with a few 

exceptions.  

The motors were placed in a kite shape and at a 45 degree angl e to give our robot more 

stability and easily maneuverability in the water. The 45 degree angle position of the 

motors allows movement in a 360 degree range, while the verti cal motors permit up and 

down movement. With this set up, the sum of our vectors when all of our motors are on, 

gives us a forward motion; but if some motors rotate in a cou nter-clockwise direction the 

ROV is capable of moving diagonally, to the right, or to t he left which can be competitively 

advantageous. The motors were mounted on the sides of the PVC fr ame with little PVC 

elbow attachments that allow the motors to be easily moved to a nd from the robot. 
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Electrical Systems 

 In any project our main goal was to design our own control  system using the Board 

of Education from Parallax.  In doing this we learned abou t the circuit board and operations 

however due to time constraints and difficulties encountered ou r team decided to use the 

VEX control system in order to maintain time constraints.  The Board of Education (Figure 

1a)  allowed our team to understand the functions of a actu al control system.   

 

 

Figure 1.b 

              Figure 1.a 

The VEX Control System is used to control AURORA II. A 7.2 V battery is used to 

power the VEX system, while a rectangular 16 inches long pl exi glass is used to hold the 

VEX system, the speed controllers, the 7.2 V battery, the 34 amps  circuit breaker, and a 

(black rectangle with two rows of screws)  . Velcro was used to hold each object in place 

on the plexi glass rectangle.   The glass rectangle with a ll of the components placed on it is 

then easily fitted into  an ABS pipe, which works as its housing. It was decided to use a RC 

battery to power the VEX system because it is better suited for  our needs and our budget. 

The RC battery is listed as a 7.2V2000mAh Ni-Cd Battery  Pack and it comes with its own 

charger *. A phone cord is then used to send the signal (program) from  the VEX system to 

the tether, and then to our transmitter on the surface. PWM c ables are used to connect the 

speed controllers to the VEX system, while the circuit breaker is connected between the 

speed controllers and battery to protect the motors from any elect ric shortage.  
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Batteries  

Our batteries changed in deciding what would fit our desig n without changing the 

chosen appearance.  ABS pipes are cylindrical and have cap s that can fit over it making the 

structure watertight. The caps for these pipes come threaded a nd non-threaded; this means 

that a threaded cap has a lid and connecter to the pipe all owing for the lid of the cap to be 

removable. The idea of having a naturally watertight struc ture appealed very much to the 

team; the robot was designed around the idea of having a wat ertight structure such as the 

ABS pipe as the housing for the control system.  

ABS piping is sold locally; we bought a four inch (in d iameter) ABS pipe that was 

around three feet long and two end caps—threaded and unthreaded  with the lid for the 

threaded end cap. The four inch ABS pipe was cut two pieces off the pipe. Those two pieces 

would be used for the two motors for vertical movement which hel p better direct the flow of 

water the motor would be pushing (Figure 2c).  

The ABS pipe was then resized and cut to about 20 inches lon g, which would be long 

enough to hold the control system (Figure 2a). There was a need  of a clear surface on the 

black solid ABS pipe so that the speed controllers’ and VE X’s lights were visible and it 

could be easily seen if the control system was properly working . A rectangular hole of about 

15 inches was cut out of the ABS pipe and then two clear pl astic pieces were cut to fit over 

the window and then they were attached with screws that ar e equidistant from each other 

and water proofed by silicon. But because of the high probab ility of the clear plastic 

material to buckle under almost one half atmosphere of pressure,  it was decided to place 

small holes instead at the exact location of the speed controll ers’ and VEX Micro 

Controller’s lights would appear. Each hole was then covered w ith a clear plexi-glass circlet 

with some silicon to watertight the structure (Figure 2b).   
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Figure 2b 

The 
Control 
System 
Housing is 
placed in 
the center 
of the 
robot on 
top of the 

�

Figure 2a  

Checking the end caps of 
the housing for the 
control system. The ABS 
pipe is around 16 inches 
long by itself with seven 
holes along the side (one 
in the back) of about one 
inch in diameter. These 
holes or “windows” will 
allow the team to see the 
lights on the control 
system: VEX controller 
and the four speed 
controllers. There are 
precisely over the area 
where the lights on the 



 
 

 

 

Battery housing 

The housing for the battery constantly changing because of t he many options we had 

to make the structure out of. But we finally decided to use th e extra four inch ABS pipe we 

had bought and to use smaller batteries. 

 We went through several ideas such as applying epoxy to the  batteries to attach 

them to the sides of the robot. But that idea quickly fell th rough because lack of time and 

solid evidence that that would be structurally sound. The n ext idea was to buy a bigger ABS 

pipe because the 12 V batteries didn’t fit inside the four i nches (in diameter) pipe. So we 

ordered a six inches (in diameter) pipe with the appropriate caps. But to our mistake the 

caps were wrong. This is where we came to a standstill; i t was either use smaller batteries 

or find or creates end caps for the six inch pipe. After muc h debate, we settled on using the 

four inch ABS pipe and using smaller batteries.  

The ABS pipe would provide a natural watertight environment  for the batteries that 

would be reinforced with epoxy and silicon. The end caps would  be bought at a local store 

such as Home Depot; the end caps would be threaded and unthrea ded. The unthreaded cap 

would be glued on with epoxy and the threaded cap, which has  two parts, the joint would be 

glued on with epoxy providing a watertight structure and t he lid because it is threaded it 

guarantees water tightness. Eight batteries of 3 V (1.4 am p) were used to power the speed 

controllers in the other ABS pipe. After gluing the caps to t he pipe, holes would then be  
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Figure 2c 

The two 
vertical 
motors are 
screwed into 
an ABS pipe 



 
 

drilled through the cap for the wires of the batteries to conn ect to the wires of the control 

system. The holes were then epoxied to ensure that water would not enter the housing 

structure.  

SENSORS 

Robotic Arm 

The arm was built by PADT and we designed and created the claw. The arm itself 

was two aluminum bars, about a foot long, connected at one end  by a clamp which also held 

two short bars that would move to and from each other when the cord was twisted. The 

claw, which is attached to the two short bars, was creat ed out of a wine opener/can opener. 

Each prong was attached to its own bar and epoxied the ins ide of the prongs and slit them 

to give the claw better grip.  

 

LED Lights 

 LED lights are very bright and allow a broader view in th e darkness. A square plate 

of LED lights was purchased and then water proofed.  Epoxy was used to water proof the 

lights; an aluminum can was used as a mold and the squ are plate of LED lights were placed 

in the middle of the mold and epoxy was poured into the mold. A fter the epoxy dried, it was 

attached to the ROV frame.  

 

ROV Cameras 

 Two colored cameras will be used in our design to basically t o allow the ROV to be 

able to view the forward motion and to view the robotic arm. T he cameras are attached to 

the ROV at the front; one is placed directly above the robotic arm allowing the driver to see 

where and what the robotic arm is picking up. The other cam era is placed at the front 

allowing the driver to see where she is driving. 
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Electrical Schematics 
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Expenditures 
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                                                        Total $1364.12 
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Skills Gained 

In a project such as AURORA II our team tried to utilize a ll materials used last year 

and try to focus on improving our design from last year.  B asically not entirely changing the 

entire design but to improve the design and what we learned from last year as a team.  The 

improvement in AUORORA II was to have on-board power as opposed  to off-board power 

used in last year’s design.   

Our team attempted to build our own circuit board in the beg inning stages of our 

design however due to time constraints it was a building t ool to help us understand how the 

microcontroller operates.  Continuation of making our own micr ocontroller will be 

postponed for the competition next year.   
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